Summary
Endothelial specular microscopy and pachometry were performed on both eyes of 14 young adult New Zealand white rabbits with clinically normal eyes. Endothelial cells of the central corneas formed a mosaic-like pattern of homogenous hexagonal cells with a mean diameter of 20·6 ± 1.0,um sd. The mean number of cells per mm was 2998 ± 326 sd and the mean corneal thickness was 0·38 ± 0·02 mm sd.
The endothelial specular microscope (ESM) is an epi-illumination microscope that projects a slit beam of light onto the posterior corneal surface at nearly normal incidence. While most of this light is transmitted into the aqueous humour, a small fraction (0·02%) is reflected from the endothelial cell-aqueous humour interface in a specular fashion with the angle of reflection equal to the angle of incidence, like a mirror. If the objective lens of the instrument is focused on the posterior corneal surface, the reflected light forms an image of the corneal endothelium that is collected and magnified by the objective lens. The image may be viewed directly and photographed, allowing examination of in vivo endothelial cell density and morphology (Laing, Sandstrom & Leibowitz, 1979) .
The instrument also allows pachometric determination of corneal thickness. Normal features of corneal endothelial cell density and morphology using this technique have been described in man (Bourne & Kaufman, 1976 ) and dog (Stapleton & PeitTer, 1979) . The rabbit is frequently used as a laboratory ophthalmic model. The purpose of the present study was to adapt described techniques for use on the rabbit, providing definition of normal parameters as a baseline for the study of experimental or spontaneous primary or secondary corneal disease in this species.
Materials and methods 14 young adult New Zealand rabbits, of both sexes, weighing 3·2-6·0 kg (average 4·1 kg), were studied. All eyes were clinically normal upon ophthalmic examination.
35 mg/kg of ketamine hydrochloride ('Ketaset';
Alcon Laboratories, Fort Worth, USA)
Received 6 April 1981. Accepted 8 June 1981. and 5 mg/kg xylazine ('Rompun'; Cutter Laboratories, Shawnee, USA) were injected intramuscularly as anaesthetics, after preliminary studies had shown that ketamine hydrochloride alone did not provide adequate anaesthesia. The rabbits were positioned on the chin-rest of the ESM (Heyer Schulte Medical Center, Irvine, USA) using an elevated examination table and foam pillows. 1-2 drops 0·5% proparacaine hydrochloride ('Alcaine'; Alcon Laboratories) and artificial tears ('U1tratears'; Alcon Laboratories) were applied to each eye. Eyelids and nictitating membrane were retracted during viewing with an eyelid speculum.
After precise applanation of the applanator tip of the specular microscope perpendicularly to the central cornea, the endothelial cells were photographed while continually focusing with the fine adjustment. Corneal thickness was measured at the time of each photograph using the digital pachometer unit of the ESM. Black and white ASA 400 Tripan X film ('ASA 400 Kodak Tri-x pan; Eastman Kodak Co., Rochester, USA) was used for photography.
Several photographs were taken of each eye to insure good quality. The strobe flash intensity remained set at 3.
The film was developed using high-contrast techniques. Endothelial densities of each eye were then determined from an average of photographic cell counts. Corneal thickness readings obtained from the pachometer unit were also averaged for each eye. Cell size and shape were evaluated by study and measurement of the photographed endothelial cells: the maximum diameters of a minimum of 10 cells in the central cluster in each photograph were measured with a micrometer.
Results
The techniques described above were adequate to obtain a clear view of the endothelium in all eyes; the etTect of small eye movements was neutralized by the rapid exposure of the photographic system (0·001 s). Details of all morphological features were visible and photography was of good quality (Fig. 1) . The endothelial mosaic was continuous and without abnormalities in all 28 eyes examined. Data are summarized in Table 1. 0·67 .urn. The average number of cells for the 14 rabbits was 2998 ± 326 sd/mm2, range 2232-3567 cells/mm 2 • Fellow eyes varied 4 1-751 cells/mm 2 , with a mean dilTerence of 405 cells/mm 2 • With the range of values studied, no relationship between cell density and corneal thickness was noted.
Discussion
The morphological features of the rabbit corneal endothelium are similar to those described for the adult dog (Stapleton & PeilTer, 1979 ) and man (Bourne & Kaufman, 1976) . Normal corneal thickness of O· 3 7 mm centrally and 0·45 peripherally were reported by Prince, Diesem, Eglitis and Ruskell, 1960) , which agrees with our pachometric readings. Pachometric corneal thickness was observed to be less than that (0·62 mm) reported for the dog (Stapleton & PeilTer, 1979) . The technique provided consistent results and appears to be readily applicable for clinical or laboratory purposes.
While non-contact techniques involving the slitlamp biomicroscope can be employed to study the in-vivo endothelium, they are difficult to adapt to animals and do not allow direct high-magnification observation of cellular detail. While corneal epithelial abrasion may occur with contact instruments, it is minimized with adequate general anaesthesia and proper technique, and was not observed in any of the subjects in this study.
The combination of xylazine and ketamine hydrochloride proved to be an effective anaesthetic, providing muscle relaxation and immobilization (White & Holmes, 1976) over the 10-15 min examination period.
The corneal endothelium is essential in the maintenance of corneal dehydration and thus transparency by virtue of a physiologic pump mechanism that moves stromal fluid into the aqueous fluid (Prince, 394 Sailstad & PeilTer The mean central corneal thickness was O· 38 ± 0·02 mm sd, range O· 35-0·41 mm. DilTerences between fellow eyes varied from 0·00 to 0·03 mm, with a mean of 0·014 mm.
The cells of the central cornea formed a mosaic-like pattern of hexagonal cells of mean diameter 20·6 ± 0·9.urn sd, ranging over all rabbits studied from 18·6 to 23·2 .urn (Table 2) . Mean cell diameter dilTerence comparing fellow eyes was 0-3 Jim, with an average of 1960) . Many ocular diseases may involve the endothelium primarily or secondarily.
Light and scanning electron micrscopic studies have demonstrated that the regenerative capabilities of rabbit endothelium are not limited (Van Horne, Sendele, Seideman & Buco, 1977) as they are in the cat and man (Chi & Kelman, 1966; Van Horne & Hyndiuk, 1975) as opposed to the dog (Stapleton & Peiffer, 1979 
